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1
COOLING SYSTEM FOR INTERNAL
COMBUSTION ENGINE

TECHNICAL FIELD

The present invention relates to a cooling system for an
internal combustion engine.

BACKGROUND ART

Cooling water, in which the specific heat is changed at a
predetermined temperature, is known (see, for example,
Patent Document 1). The cooling water is constructed such
that capsules, in which a substance to cause the phase transi-
tionis enclosed, are dispersed in the liquid. On the other hand,
atechnique is known, in which the cooling water temperature
is raised by forbidding the valve opening of a thermostat (see,
for example, Patent Document 2).

In this context, the control of an electronic thermostat,
which is performed in the same manner as in the conventional
technique when the cooling water, in which the specific heat
is changed at a predetermined temperature, is used in a system
for controlling the electronic thermostat so that a preset cool-
ing water temperature is provided, does not affirm that the
characteristic, in which the specific heat of the cooling water
is changeable, is utilized sufficiently.

On the other hand, the cooling water is exchanged by a user
in some cases. Therefore, the cooling water is sometimes
exchanged from cooling water in which the specific heat is
changeable (i.e., cooling water that contains a substance to
cause the phase transition) to cooling water in which the
specific heat is not changed (i.e., cooling water that does not
contain a substance to cause the phase transition). Further, the
cooling water is sometimes exchanged to cooling water in
which the specific heat is changed at any different tempera-
ture. The proper valve opening timing of the thermostat dif-
fers among these types of cooling water respectively. There-
fore, unless the thermostat is controlled depending on the
character or nature of the cooling water, it is feared that the
overheat of the internal combustion engine may be caused, or
along period of time may be required until the warming-up of
the internal combustion engine is completed.

PRECEDING TECHNICAL DOCUMENT
Patent Document

Patent Document 1: JP2010-168538A;
Patent Document 2: JP2003-138940A.

SUMMARY OF THE INVENTION
Task to be Solved by the Invention

The present invention has been made taking the foregoing
problem into consideration, an object of which is to correctly
estimate the character or nature of cooling water.

Solution for the Task

In orderto achieve the object as described above, according
to the present invention, there is provided a cooling system for
an internal combustion engine comprising:

a radiator which is provided for a cooling water passage of
the internal combustion engine and which deprives heat from
cooling water;

a bypass passage which bypasses the radiator;
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a thermostat which shuts oft flow ofthe cooling water to the
radiator so that the cooling water is allowed to flow to the
bypass passage in a valve closed state and which allows the
cooling water to flow through at least the radiator in a valve
open state; and

a control unit which changes a valve opening temperature
of'the thermostat, the cooling system for the internal combus-
tion engine further comprising:

an estimating unit which forbids valve opening of the ther-
mostat and which estimates a character of the cooling water
on the basis of transition of a temperature of the cooling water
provided thereby.

The estimation of the character or nature of the cooling
water includes the estimation of whether or not the specific
heat of the cooling water is changed at a predetermined tem-
perature, and the estimation of the predetermined tempera-
ture. The predetermined temperature may be, for example, a
temperature at which the structural phase transition occurs in
the substance contained in the cooling water. That is, the heat
is released or the heat is absorbed in accordance with the
structural phase transition. Therefore, the specific heat of the
cooling water is increased at the temperature at which the
structural phase transition occurs. Therefore, the temperature
of'the cooling water is substantially constant at the predeter-
mined temperature even when the heat is released or absorbed
to some extent.

When the valve opening of the thermostat is forbidden or
prohibited in this state, the cooling water does not flow
through the radiator. Therefore, the temperature of the cool-
ing water is gradually raised. The temperature transition or
change, which is provided in this situation, is changed
depending on the character or nature of the cooling water.
Therefore, it is possible to estimate the character of the cool-
ing water on the basis of the transition of temperature. Even
when the valve opening of the thermostat is forbidden, if it is
feared that the overheat may be caused, then itis also possible
to permit the valve opening of the thermostat. That is, the
temperature, at which the thermostat is subjected to the valve
opening, may be set to an upper limit value of the temperature
at which the overheat is not caused or the temperature at
which the overheat can be suppressed. Further, when the
character of the cooling water is estimated by the estimating
unit, it is also allowable to raise the temperature at which the
thermostat is subjected to the valve opening, as compared
with when the character of the cooling water is not estimated.

In the present invention, the estimating unit can estimate
whether cooling water having changeable specific heat is
used or cooling water having specific heat that does not
change is used. In this context, when the cooling water having
the changeable specific heatis used, a term or period, in which
the temperature of the cooling water is constant, is provided
even in the case of such an operation state that the temperature
of'the cooling water may be raised. On the other hand, when
the cooling water having the specific heat that does not
change is used, such a term is not provided. Therefore, it is
possible to estimate whether the cooling water having the
changeable specific heat is used or the cooling water having
the specific heat that does not change is used, on the basis of
the transition of the temperature of the cooling water.

In the present invention, the estimating unit can estimate a
temperature at which the specific heat is changed when the
cooling water having the changeable specific heat is used. In
this context, when the cooling water having the changeable
specific heat is used, a term or period is provided, in which the
temperature is constant upon the arrival at the temperature of
change of the specific heat. Therefore, it is possible to esti-
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mate the temperature at which the specific heat is changed, on
the basis of the transition of the temperature of the cooling
water.

In the present invention, the estimating unit can estimate,
when the valve opening of the thermostat is forbidden, that:

cooling water having changeable specific heat is used, and
a temperature, at which the temperature of the cooling water
is constant, is the temperature of change of the specific heat of
the cooling water if the temperature of the cooling water
becomes constant; or

cooling water having specific heat that does not change is
used if the temperature of the cooling water does not become
constant.

In this context, when the cooling water having the change-
able specific heat is used, a term or period, in which the
temperature of the cooling water is constant, is provided even
in the case of such an operation state that the temperature of
the cooling water may be raised. If the temperature of the
cooling water becomes constant as described above, it can be
judged that the cooling water having the changeable specific
heat is used. On the other hand, if the temperature of the
cooling water does not become constant, it can be judged that
the cooling water having the specific heat that does not
change is used. Further, the temperature of the cooling water
is constant when the specific heat is changed. Therefore, it can
be judged that the temperature, at which the temperature of
the cooling water is constant, is the temperature at which the
specific heat is changed.

In the present invention, the valve opening temperature of
the thermostat, which is provided when the cooling water
having the changeable specific heat is used, can be set by the
control unit to be higher than the temperature at which the
specific heat is to be changed as estimated by the estimating
unit.

In this context, when the thermostat is opened, then the
cooling water is allowed to flow through the radiator, and
hence the temperature increase of the cooling water is sup-
pressed. If the thermostat is opened at a temperature which is
lower than the temperature of change of the specific heat of
the cooling water, then the temperature increase to arrive at
the temperature of change of the specific heat of the cooling
water is suppressed, and hence it is impossible to utilize such
a characteristic that the specific heat is to be increased. On the
other hand, if the setting is made such that the thermostat is
opened at a temperature which is higher than the temperature
of change of the specific heat of the cooling water, then the
specific heat of the cooling water may be increased when the
thermostat is closed, and hence it is possible to utilize such a
characteristic that the specific heat is to be increased. That is,
the temperature of the cooling water can be maintained con-
stantly when the thermostat is closed. Therefore, it is unnec-
essary to perform any control corresponding to the fluctuation
of the temperature of the cooling water. Therefore, it is pos-
sible to stabilize the operation state of the internal combustion
engine.

In the present invention, the estimating unit can estimate
whether or not the cooling water is deteriorated on the basis of
a difference between a temperature of the cooling water at a
position at which the temperature is higher than the tempera-
ture of change of the specific heat and a temperature of the
cooling water at a position at which the temperature is lower
than the temperature of change of the specific heat.

In this context, when the cooling water passes through the
internal combustion engine, then the heat is moved from the
internal combustion engine to the cooling water, and hence
the temperature of the cooling water is raised. On the other
hand, when the cooling water passes through the radiator,
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then the heat is deprived from the cooling water, and hence the
temperature of the cooling water is lowered. In this way, the
temperature of the cooling water may be changed between the
upstream and the downstream of the internal combustion
engine and between the upstream and the downstream of the
radiator. When the cooling water having the changeable spe-
cific heat is used, it is possible to suppress the fluctuation of
the temperature of the cooling water on condition that the
temperature, at which the specific heat is changed, is previ-
ously set so that the specific heat is changed when the cooling
water passes through the internal combustion engine or when
the cooling water passes through the radiator. That is, the
position, at which the temperature is higher than the tempera-
ture of change of the specific heat, includes the cooling water
passage which is disposed downstream from the internal
combustion engine and upstream from the radiator. Further,
the position, at which the temperature is lower than the tem-
perature of change of the specific heat, includes the cooling
water passage which is disposed downstream from the radia-
tor and upstream from the internal combustion engine. How-
ever, if the cooling water is deteriorated, then the change of
the specific heat is insufficient in some cases, and/or the
specific heat is not changed in other cases. Therefore, the
fluctuation of the temperature of the cooling water is
increased. That is, the difference, which is provided between
the temperature of the cooling water at the position at which
the temperature is higher than the temperature of change of
the specific heat and the temperature of the cooling water at
the position at which the temperature is lower than the tem-
perature of change of the specific heat, is increased depending
on the degree of the deterioration of the cooling water. There-
fore, it is possible to estimate the deterioration of the cooling
water on the basis of the temperature difference.

In the present invention, the estimating unit can estimate
that the cooling water is deteriorated, if the difference
between the temperature of the cooling water at the position
at which the temperature is higher than the temperature of
change of the specific heat and the temperature of the cooling
water at the position at which the temperature is lower than
the temperature of change of the specific heat is larger than a
threshold value. The threshold value referred to herein can be
the difference between the temperatures at the boundary of
whether or not the cooling water is deteriorated. That is, the
larger the degree of deterioration is, the larger the temperature
difference is. Therefore, when the threshold value is set
beforehand, it is possible to easily estimate the deterioration
of'the cooling water by comparing the temperature difference
with the threshold value. It is also possible to estimate that the
larger the temperature difference is, the larger the degree of
deterioration of the cooling water is.

In the present invention, the estimating unit can periodi-
cally estimate the character of the cooling water. In this con-
text, the cooling water is deteriorated as the time elapses, and
the character or nature thereof is changed in some cases. On
the other hand, the character or nature of the cooling water is
also changed in some cases when a user exchanges the cool-
ing water. Therefore, when the character of the cooling water
is estimated periodically, even if the character of the cooling
water is changed, then it is possible to optimize the opening/
closing condition of the thermostat. The term “periodically”
may include every time when a predetermined travel distance
is provided and every time when a predetermined period of
time elapses.

Effect of the Invention

According to the present invention, it is possible to cor-
rectly estimate the character or nature of the cooling water.
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Accordingly, it is possible to properly set the valve opening
temperature of the thermostat.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic arrangement of a cooling system
for an internal combustion engine according to an embodi-
ment.

FIG. 2 shows a time chart illustrating the transition of the
outlet side temperature during the warming-up of'the internal
combustion engine.

FIG. 3 shows a relationship among the temperature of
specific heat change, the valve opening temperature of a
thermostat set when the temperature of change of the specific
heat is estimated, and the valve opening temperature of the
thermostat set on the basis of the temperature of specific heat
change.

FIG. 4 shows a flow chart illustrating a flow of the tem-
perature control of the cooling water according to the first
embodiment.

FIG. 5 shows a relationship among a temperature of the
cooling water allowed to flow into the internal combustion
engine, another temperature of the cooling water allowed to
flow into the internal combustion engine, and the temperature
of specific heat change.

FIG. 6 shows a flow chart illustrating a flow of the deterio-
ration judgment for the cooling water according to a second
embodiment.

MODE FOR CARRYING OUT THE INVENTION

Specified embodiments of the cooling system for the inter-
nal combustion engine according to the present invention will
be explained below on the basis of the drawings.

First Embodiment

FIG. 1 shows a schematic arrangement of a cooling system
for an internal combustion engine according to this embodi-
ment. The internal combustion engine 1 shown in FIG. 1isa
water cooling type internal combustion engine.

A water jacket 2, which is provided to circulate the cooling
water, is formed in the internal combustion engine 1. A first
cooling water passage 11 and a second cooling water passage
12 are connected to the internal combustion engine 1. A
radiator 13 and a bypass passage 14 are connected to the first
cooling water passage 11 and the second cooling water pas-
sage 12.

The first cooling water passage 11 connects the outlet side
of'the water jacket 2 and the inlet side of the radiator 13. That
is, the first cooling water passage 11 is the passage which is
provided to discharge the cooling water from the water jacket
2. On the other hand, the second cooling water passage 12
connects the outlet side of the radiator 13 and the inlet side of
the water jacket 2. That is, the second cooling water passage
12 is the passage which is provided to supply the cooling
water to the water jacket 2.

A water pump 3, which discharges the cooling water from
the side of the second cooling water passage 12 to the side of
the water jacket 2, is provided at the connecting portion
between the second cooling water passage 12 and the water
jacket 2.

The bypass passage 14 bypasses the radiator 13 by making
communication between the first cooling water passage 11
and the second cooling water passage 12.

An electronic control type thermostat 15 is provided at a
portion of the second cooling water passage 12 disposed on

20

25

30

35

40

45

50

65

6

the side of the radiator 13 as compared with the connecting
portion between the second cooling water passage 12 and the
bypass passage 14. The opening degree of the thermostat 15
is adjusted in accordance with the signal supplied from ECU
30 as described later on. The amount of the cooling water
supplied to the radiator 13 is adjusted by controlling the
opening degree of the thermostat 15.

When the thermostat 15 is closed, the cooling water, which
is allowed to outflow from the water jacket 2 to the first
cooling water passage 11, is fed to the water jacket 2 again via
the bypass passage 14. The cooling water is gradually
warmed in accordance with the circulation of the cooling
water as described above, and the warming-up of the internal
combustion engine 1 is facilitated.

On the other hand, when the thermostat 15 is open, the
cooling water is circulated via the radiator 13 and the bypass
passage 14. The cooling water is also circulated to portions
other than the radiator 13 and the bypass passage 14 irrelevant
to the state of the thermostat 15. However, these portions are
omitted from FIG. 1.

An outlet side temperature sensor 31, which measures the
temperature of the cooling water allowed to outflow from the
water jacket 2 (hereinafter referred to as “outlet side tempera-
ture” as well), is attached to the first cooling water passage 11
disposed between the connecting portion of the water jacket 2
and the connecting portion of the bypass passage 14. Further,
an inlet side temperature sensor 32, which measures the tem-
perature of the cooling water allowed to inflow into the water
jacket 2 (hereinafter referred to as “inlet side temperature” as
well), is attached to the second cooling water passage 12
disposed between the connecting portion of the water jacket 2
and the connecting portion of the bypass passage 14.

ECU 30, which is the electronic control unit to control the
internal combustion engine 1, is provided in combination
with the internal combustion engine 1 constructed as
described above. ECU 30 controls the internal combustion
engine 1 in accordance with the operation condition of the
internal combustion engine 1 and the request of a driver.

Further, an accelerator opening degree sensor 33 which
outputs the electric signal corresponding to the accelerator
opening degree to detect the engine load and a crank position
sensor 34 which detects the number of revolutions of the
engine are connected to ECU 30 via the electric wiring lines
other than the sensor described above. The output signals of
the sensors are inputted into ECU 30. On the other hand, the
thermostat 15 is connected to ECU 30 via the electric wiring
line. ECU 30 controls the thermostat 15. In this embodiment,
ECU 30, which controls the thermostat 15, corresponds to the
control unit according to the present invention.

In this arrangement, the cooling water, in which the spe-
cific heat is changeable at a predetermined temperature, can
be used as the cooling water according to this embodiment.
The cooling water is constructed to include, for example, the
substance which causes the phase transition from the solid to
the liquid or from the liquid to the solid at the predetermined
temperature. That is, when the temperature arrives at the
predetermined temperature during the process in which the
temperature of the cooling water is raised, then the substance,
which is contained in the cooling water, is changed from the
solid to the liquid, and the heat is absorbed from the surround-
ings in this situation. On the other hand, when the temperature
arrives at the predetermined temperature during the process in
which the temperature of the cooling water is lowered, then
the substance, which is contained in the cooling water, is
changed from the liquid to the solid, and the heat is released
to the surroundings in this situation. When the phase transi-
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tion is caused between the liquid and the solid as described
above, the specific heat of the cooling water is changed.

FIG. 2 shows a time chart illustrating the transition of the
outlet side temperature during the warming-up of'the internal
combustion engine 1. With reference to FIG. 2, the outlet side
temperature is constant at the predetermined temperature D
during a period of time from A to B. The temperature E, at
which the thermostat 15 is opened, is provided at a time
indicated by C, and the thermostat 15 is open. Accordingly,
the cooling water is allowed to flow through the radiator 13,
and hence the outlet side temperature is substantially con-
stant. The outlet side temperature and the inlet side tempera-
ture are substantially identical with each other until the ther-
mostat 15 is opened.

That is, the phase transition is caused at the predetermined
temperature D, and hence the specific heat of the cooling
water is raised as compared with the other temperatures.
Therefore, as shown in FIG. 2, the outlet side temperature is
constant at the predetermined temperature D during the
period of time from A to B. FIG. 2 shows such a case that the
temperature E, at which the thermostat 15 is opened, is higher
than the predetermined temperature D. The predetermined
temperature D, which is the temperature of change of the
specific heat, is hereinafter referred to as “temperature of
specific heat change D” as well.

As described above, when the setting is made beforehand
such that the thermostat 15 is opened when the outlet side
temperature is higher than the temperature of specific heat
change D, it is possible to utilize such a characteristic that the
specific heat of the cooling water is raised, i.e., such a char-
acteristic that the cooling water temperature becomes con-
stant. That is, when the cooling water temperature is raised,
the temperature increase can be suppressed by depriving the
heat. When the cooling water temperature is lowered, the
temperature decrease can be suppressed by giving the heat.
Therefore, it is possible to suppress the fluctuation of the
cooling water temperature, and hence it is possible to stabilize
the operation state of the internal combustion engine 1.

The temperature E, at which the thermostat 15 is opened,
may be, for example, a temperature at which the warming-up
of the internal combustion engine 1 is completed. However,
there is no limitation thereto. Further, the component con-
tained in the cooling water may be determined so that the
temperature of specific heat change D is lower than the tem-
perature at which the warming-up of the internal combustion
engine 1 is completed. The optimum value of the temperature
of' specific heat change D can be determined, for example, by
means of an experiment.

When the user exchanges the cooling water, it is conceived
that the cooling water, in which the specific heat is changed at
the temperature of specific heat change D, is exchanged with
any cooling water in which the specific heat is not changed. It
is also conceived that the temperature of specific heat change
D before the exchange is different from that after the
exchange. Further, even when the cooling water is not
exchanged, the temperature of specific heat change D some-
times changes due to the deterioration of the cooling water. In
such situations, it is possible to suppress the overheat of the
internal combustion engine 1 and the deterioration of the
mileage (fuel efficiency) by making the setting such that the
temperature, at which the thermostat 15 is opened, is set to the
values corresponding to the respective types of cooling water.

In view of the above, in this embodiment, it is judged
whether or not the specific heat of the cooling water is
changed. Further, if the specific heat of the cooling water is
changed, the temperature of specific heat change D is deter-
mined.
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FIG. 3 shows a relationship among the temperature of
specific heat change D, the valve opening temperature T1 of
the thermostat 15 set when the temperature of change of the
specific heat is estimated, and the valve opening temperature
T2 of the thermostat 15 set on the basis of the temperature of
specific heat change D. A solid line indicates a case in which
the specific heat of the cooling water is changed, and an
alternate long and short dash line indicates a case in which the
specific heat of the cooling water is not changed. The hori-
zontal axis indicates the time.

The valve opening temperature T1 of the thermostat 15,
which is set when the temperature of specific heat change D is
estimated, is set to the temperature which is higher than the
temperature estimated as the temperature of specific heat
change D last time and which is lower than the temperature of
overheat of the internal combustion engine 1. Further, the
valve opening temperature T1 of the thermostat 15 is set to the
temperature which is higher than the temperature at which the
specific heat of the cooling water may be changed. The valve
opening temperature T1 of the thermostat 15 is set in order to
suppress the overheat of the internal combustion engine 1.
Therefore, it is also affirmed that the valve opening of the
thermostat 15 is forbidden or prohibited until arrival at the
concerning temperature.

When the valve opening temperature T1 of the thermostat
15 is set as described above, if the cooling water, in which the
specific heat is changeable, is used, then the specific heat is
changed before arrival at the valve opening temperature T1 of
the thermostat 15, and hence a term or period, in which the
temperature is constant, is provided. That is, when the term, in
which the temperature of the cooling water is constant, is
provided, it is possible to judge that the cooling water, in
which the specific heat is changeable, is used. The concerning
temperature, which is provided in the term of the constant
temperature, can be judged to be the temperature of specific
heat change D. After that, a temperature, which is higher than
the temperature D of change of the specific heat by a prede-
termined value, is set as the valve opening temperature T2 of
the thermostat 15. The valve opening temperature T2 is the
temperature at which the thermostat 15 is subjected to the
valve opening in any situation other than the situation pro-
vided when it is estimated whether or not the cooling water
having the changeable specific heat is used or when the tem-
perature of specific heat change D is estimated.

On the other hand, if the term, in which the temperature of
the cooling water is constant, is absent, it is possible to judge
that the cooling water, in which the specific heat does not
change, is used. In this case, the valve opening temperature
T2 ofthe thermostat 15 is set to the temperature adopted when
the cooling water having the specific heat that does not
change is used. The valve opening temperature T2 is previ-
ously stored in ECU 30.

FIG. 4 shows a flow chart illustrating a flow of the tem-
perature control of the cooling water according to this
embodiment. This routine is executed every time when a
predetermined period of time elapses.

In Step S101, it is judged whether or not the cooling water
is exchanged. That is, it is judged whether or not the specific
heat of the cooling water may be possibly changed. For
example, a sensor, which detects the water level of the cooling
water, may be provided, and it is possible to judge that the
cooling water is exchanged, when the water level of the cool-
ing water, which is detected by the sensor, is lowered to a
predetermined value. Alternatively, the judgment can be also
made on the basis of the temperature detected by the outlet
side temperature sensor 31 or the inlet side temperature sen-
sor 32. Further alternatively, a switch, which is to be
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depressed by a user when the cooling water is exchanged,
may be installed beforehand, and the judgment can be also
made on the basis of whether or not the switch is depressed. If
the affirmative judgment is made in Step S101, the routine
proceeds to Step S103. If the negative judgment is made, the
routine proceeds to Step S102.

In Step S102, it is judged whether or not the specific heat of
the cooling water should be estimated at the present timing.
For example, when the vehicle travels a preset distance, or
when a preset period of time elapses, then it is judged that the
specific heat of the cooling water should be estimated at the
present timing. This timing is previously set, for example, as
atiming at which the cooling water may be deteriorated. If the
affirmative judgment is made in Step S102, the routine pro-
ceeds to Step S103. If the negative judgment is made, this
routine is completed, because it is unnecessary to change the
valve opening temperature T2 of the thermostat 15.

In Step S103, the valve opening temperature of the ther-
mostat 15 is set to the valve opening temperature T1 of the
thermostat 15 which is set when the temperature of the spe-
cific heat change D is estimated. That is, the valve opening
temperature of the thermostat 15 is made higher than the
valve opening temperature T2 of the thermostat 15 which is
set when this routine is not executed. The valve opening
temperature T1, which is provided in this situation, is set to be
higher than the temperature at which the specific heat may be
changed when the cooling water having the changeable spe-
cific heat is used and lower than the temperature at which the
internal combustion engine 1 is overheated. In this step, it is
also affirmed that the valve opening of the thermostat 15 is
forbidden in order to judge the temperature of specific heat
change D or in order to judge whether or not the cooling water
having the changeable specific heat is used.

In Step S104, the temperature of specific heat change D is
estimated on the basis of the transition of the cooling water
temperature. That is, the term (timing), in which the cooling
water temperature is constant, is detected, and the tempera-
ture, which is provided in the term of the constant cooling
water temperature, is estimated as the temperature of specific
heat change D. If the term (timing), in which the cooling
water temperature is constant, is absent, it is estimated that the
cooling water having the specific heat that does not change is
used. The cooling water temperature is constant, for example,
during the idle operation irrelevant to whether or not the
specific heat of the cooling water is changeable. Therefore, in
this step, the term (timing) is detected, in which the cooling
water temperature is constant in spite of such an operation
state that the cooling water temperature may be raised. There-
fore, the temperature of specific heat change D is estimated
while considering the operation state of the internal combus-
tion engine 1. In this embodiment, ECU 30, which processes
Step S103 and Step S104, corresponds to the estimating
means according to the present invention.

In Step S105, the temperature, which is higher than the
temperature of specific heat change D by a predetermined
value, is set as the valve opening temperature T2 of the ther-
mostat 15. Alternatively, the temperature, which is higher
than the temperature of specific heat change D by a predeter-
mined ratio, may be set as the valve opening temperature T2
of'thethermostat 15. The valve opening temperature T2 of the
thermostat 15, which is set in this situation, is the temperature
at which the thermostat 15 is to be opened when this routine
is not executed. If the temperature of specific heat change D is
absent, the temperature, which is previously stored in ECU
30, is set as the valve opening temperature T2 of the thermo-
stat 15.
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In Step S106, it is judged whether or not the valve opening
temperature T2 of the thermostat 15, which is set in Step
S105, is higher than the upper limit value T3. The upper limit
value T3 is set, for example, as the upper limit value of the
temperature at which it is not feared that the internal combus-
tion engine 1 may overheat. That is, if the valve opening
temperature T2 of the thermostat 15 is increased due to the
excessively high temperature of specific heat change D, it is
feared that the internal combustion engine 1 may overheat.
Therefore, the upper limit value T3 is set. If the affirmative
judgment is made in Step S106, then the routine proceeds to
Step S108, and the valve opening temperature T2 of the
thermostat 15 is set to the upper limit value T3 again. If the
negative judgment is made in Step S106, the routine proceeds
to Step S107.

In Step S107, it is judged whether or not the valve opening
temperature T2 of the thermostat 15, which is set in Step
S105, is lower than the lower limit value T4. The lower limit
value T4 is, for example, the lower limit value of the valve
opening temperature of the thermostat 15 at which the mile-
age or fuel efficiency is within an allowable range. That is, if
the valve opening temperature T2 of the thermostat 15 is
lowered due to the excessively low temperature of specific
heat change D, it is feared that the fuel efficiency of the
internal combustion engine 1 may be deteriorated. Therefore,
the lower limit value T4 is set. If the negative judgment is
made in Step S107, then the valve opening temperature T2 of
the thermostat 15, which is set in Step S105, is adopted as it is,
and this routine is completed. On the other hand, if the affir-
mative judgment is made in Step S107, then the routine pro-
ceeds to Step S109, and the valve opening temperature T2 of
the thermostat 15 is set to the lower limit value T4 again.

As explained above, according to this embodiment, it is
possible to judge whether or not the cooling water having the
changeable specific heat is used, by forbidding the valve
opening of the thermostat 15 or setting the valve opening
temperature to the high temperature. Further, when the cool-
ing water having the changeable specific heat is used, it is
possible to estimate the temperature at which the specific heat
is changed. Further, the upper limit value T3 is set for the
valve opening temperature of the thermostat 15, and thus it is
possible to suppress the overheat of the internal combustion
engine 1. Further, the lower limit value T4 is set for the valve
opening temperature of the thermostat 15, and thus it is pos-
sible to suppress the deterioration of the fuel efficiency of the
internal combustion engine 1. Thus, it is possible to properly
set the valve opening temperature of the thermostat 15.

Second Embodiment

In this embodiment, it is judged whether or not the cooling
water is deteriorated on the basis of the width of change of the
cooling water temperature when ECU 30 controls the ther-
mostat 15 in accordance with the valve opening temperature
T2 of the thermostat 15 set in the first embodiment. For
example, the other units or devices are the same as those of the
first embodiment, any explanation of which will be omitted.

In this context, FIG. 5 shows a relationship among the
temperature (inlet side temperature) of the cooling water
allowed to flow into the internal combustion engine 1, the
temperature (outlet side temperature) of the cooling water
allowed to flow into the internal combustion engine 1, and the
temperature of specific heat change D. In this context, in this
embodiment, the valve opening temperature of the thermostat
15 is set so that the following relationship holds.

inlet side temperature<temperature of specific heat
change D<outlet side temperature
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That is, the temperature of specific heat change D is higher
than the inlet side temperature, and the outlet side tempera-
ture is higher than the temperature of specific heat change D.
Therefore, the temperature of specific heat change D is pro-
vided when the cooling water is allowed to flow through the
water jacket 2. Accordingly, the specific heat is raised at the
inside of the internal combustion engine 1. Therefore, it is
possible to suppress the increase in the temperature of the
cooling water at the inside of the internal combustion engine
1. Accordingly, it is possible to stabilize the operation state of
the internal combustion engine 1.

In the meantime, the larger the degree of deterioration of
the cooling water is, the larger the temperature change width
as the difference between the outlet side temperature and the
inlet side temperature is. Similarly, the difference between the
temperature of the cooling water allowed to inflow into the
radiator 13 and the temperature of the cooling water allowed
to outflow from the radiator 13 is also increased in accordance
with the deterioration of the cooling water. That is, when the
degree of deterioration of the cooling water is increased, then
the amount of heat, which can be absorbed by the change of
the specific heat, is decreased, and hence the temperature
change width is increased. Therefore, it is possible to judge
the deterioration of the cooling water on the basis of the
temperature change width.

If the valve opening temperature T2 of the thermostat 15 is
not set properly, the temperature change width is increased as
well. Therefore, it is also necessary to judge by what cause the
temperature change width is increased.

FIG. 6 shows a flow chart illustrating a flow of the deterio-
ration judgment for the cooling water according to this
embodiment. This routine is executed at every predetermined
period of time when the thermostat 15 is controlled by ECU
30 in accordance with the valve opening temperature T2 of
the thermostat 15 set in the first embodiment.

In Step S201, it is judged whether or not the temperature
change width is larger than a predetermined value AT1. The
predetermined value AT1 is the upper limit value of the range
in which the cooling water is regarded to be not deteriorated.
If the affirmative judgment is made in Step S201, the routine
proceeds to Step S202. If the negative judgment is made, then
it is estimated that the cooling water is not deteriorated, and
hence this routine is completed.

In Step S202, the temperature of specific heat change is
estimated. That is, the temperature of specific heat change is
estimated as explained in the first embodiment. The tempera-
ture of specific heat change, which has been stored in ECU 30,
is changed in some cases, for example, on account of the
battery exchange. The temperature change width is also
increased in such a situation. Therefore, it is necessary to
judge whether the setting of the temperature of specific heat
change is erroneous or the cooling water is deteriorated.
Therefore, the temperature of specific heat change is esti-
mated again.

In Step S203, it is judged whether or not the value esti-
mated in Step S202 is unchanged from the value estimated
last time. That is, in Step S203, it is judged whether or not the
estimated value of the temperature of specific heat change is
correct. Ifthe affirmative judgment is made in Step S203, then
the routine proceeds to Step S204, and it is judged that the
cooling water is deteriorated. On the other hand, if the nega-
tive judgment is made in Step S203, this routine is completed.
Further, if the negative judgment is made, then it is feared that
the valve opening temperature T2 of the thermostat 15 is not
set properly, and hence the valve opening temperature T2 is
set again.
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Ifitis judged that the cooling water is deteriorated, it is also
allowable that the valve opening temperature of the thermo-
stat 15 is set to be low as compared with the case in which the
cooling water having the specific heat that does not change is
used. That is, in the case of the cooling water having the
changeable specific heat, the specific heats before the change
and after the change are lower than the specific heat of the
cooling water having the specific heat that does not change.
Accordingly, it is possible to facilitate the warming-up of the
internal combustion engine 1. Therefore, when the cooling
water having the changeable specific heat is deteriorated, the
overheat tends to occur more easily as compared with the case
in which the cooling water having the specific heat that does
not change is used. In relation thereto, it is possible to sup-
press the overheat of the internal combustion engine 1 by
lowering the valve opening temperature of the thermostat 15.

As explained above, according to this embodiment, it is
possible to estimate the deterioration of the cooling water
with ease. Further, the valve opening temperature of the ther-
mostat 15 can be set depending on the deterioration of the
cooling water.

The invention claimed is:

1. A cooling system for an internal combustion engine
comprising:

a radiator which is provided for a cooling water passage of
the internal combustion engine and which deprives heat
from cooling water;

a bypass passage which bypasses the radiator;

an electronically-controlled thermostat which shuts off
flow of the cooling water to the radiator so that the
cooling water is allowed to flow to the bypass passage in
a valve closed state and which allows the cooling water
to flow through at least the radiator in a valve open state;

a sensor which detects a temperature of the cooling water;
and

a control unit which has program logic to open and close
the thermostat based on the detected value of the sensor
and program logic to change a valve opening tempera-
ture of the thermostat, the control unit including pro-
gram logic to (a) forbid valve opening of the thermostat
and (b) estimate, based on transition of the temperature
of the cooling water detected by the sensor, whether (i) a
first cooling water is used, the first cooling water con-
taining a substance that undergoes structural phase tran-
sition at a predetermined temperature, thereby absorb-
ing or releasing heat with temperature change so as to
have changeable specific heat, or (ii) a second cooling
water is used, the second cooling water being without a
substance that undergoes structural phase transition at a
predetermined temperature to absorb or release heat
with temperature change,

wherein, when the valve opening is forbidden, if the tem-
perature of the cooling water becomes constant, the con-
trol unit estimates that (i) the first cooling water is used
and (ii) the temperature at which the temperature of the
first cooling water is constant is the temperature of
change of the specific heat of the first cooling water, and

wherein, when the valve opening is forbidden, if the tem-
perature of the cooling water does not become constant,
the control unit estimates that the second cooling water
is used.

2. The cooling system for the internal combustion engine
according to claim 1, wherein the control unit comprises
program logic to estimate a temperature at which the specific
heat is changed when the cooling water having the change-
able specific heat is used.
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3. The cooling system for the internal combustion engine
according to claim 2, wherein the control unit comprises
program logic to set the valve opening temperature of the
thermostat, when the cooling water having the changeable
specific heat is used, to be higher than the temperature at
which the specific heat is to be changed as estimated by the
control unit.

4. The cooling system for the internal combustion engine
according to claim 2, wherein the control unit comprises
program logic to estimate whether or not the cooling water is
deteriorated on the basis of a difference between (i) a tem-
perature of the cooling water at a first position at which the
temperature is higher than the temperature of change of the
specific heat, and (ii) a temperature of the cooling water at a
second position at which the temperature is lower than the
temperature of change of the specific heat.

5. The cooling system for the internal combustion engine
according to claim 4, wherein the control unit comprises
program logic to estimate that the cooling water is deterio-
rated, if the difference between (i) the temperature of the
cooling water at the first position at which the temperature is
higher than the temperature of change of the specific heat, and
(i1) the temperature of the cooling water at the second position
at which the temperature is lower than the temperature of
change of the specific heat is larger than a threshold value.

6. The cooling system for the internal combustion engine
according to claim 1, wherein the control unit comprises
program logic to periodically estimate a character of the
cooling water.
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